Introduction
In recent years the control of molecular orientation by a polarized light has attracted considerable attention in the field of optical and electronic devices consisted of liquid crystalline compounds. Three basically different methods which were based on cis-trans conformational transition [1] , photo cross-linking [2] and photo degradation of polymer [3] , have been presented for orientation of liquid crystals. These methods are applicable to align liquid crystalline polymers (LCP) which are also one of the most expecting materials for optelectronic devices. We reported a new method for a fabrication of the LCP films whose molecular orientation can be controlled in a micrometer size. [4] The present method was based on two processes, i.e., exposure of linearly-polarized laser to polyimide (PI) under layer and LCP film deposition by using laser chemical vapor deposition. The alignment of LCP was thought to be induced by photo degradation of PI chains whose direction were parallel to the polarization of pre-exposure laser. Therefore, photo degradation of PI was one of the major factor to control the orientation of LCP. The sensitivity of PI toward UV illumination was decreased with increasing the imidation. [5] It was expected that higher orientation could be achieved for the deposition on the lower imidized PI layer. In this letter, we report the results of deposition of LPC on pre-exposed PI layer having two different imidation.
Experimental
The procedures in this work are shown in Fig. 1 The chemical structure of monomer used for the deposition is shown (1).
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This monomer can be polymerized to give sidechain-type LCP whose glass transition and phase transition temperatures are 51 and 114 °C, respectively. [6] The experimental set-up for deposition was comprised with a vacuum deposition chamber and a KrF excimer laser. [7] The pressure in the deposition chamber was kept at 10-4 Pa with a turbo molecular pump. KrF excimer laser was set at a fluence of 2 to 3 mJ cm-2 at the window of the chamber and operated at a repetition rate of 10 Hz. The polarization direction of laser (B) was 45° tilted to that of the pre-exposure laser beam. The monomer, which was powder at room temperature, was put into a crucible and was covered with a copper mesh. The pre-treated substrate was set onto the holder tilted at 45° to the laser beam. The temperature of the crucible was kept at 130-132 °C during the deposition. The films were deposited for 30 minutes with laser irradiation.
The surfaces of PI layer with and without preexposure were investigated by an optical microscope and an atomic force microscope (AFM). The deposited films were analyzed with a polarized optical microscope, a scanning electron microscope (SEM) and FT-IR spectrophotometer. Molecular orientation of films was determined by optical birefringence and IR dichroism.
Results and Discussions
Optical microscopic observation of a PI layer before film deposition showed no significant difference between exposed and non exposed areas. Figure 2 shows the AFM image of PI surfaces imidized at 180 °C with (a) non exposed and (b) 1000 shots of laser exposed areas. The root mean square of roughness (Rq) were 0.225 for (a) and 0.215 nm for (b). Those of the surface of PI imidized at 240 °C were 0.228 for non-exposed and 0.230 nm for 1000 shots exposed areas. No significant changes, such as formations of debris, ripple structures, or increasing roughness, were observed after irradiation. Therefore, the morphology of PI surface was unchanged with UV exposure under the above conditions.
After the deposition, the pre-exposed area could be distinguished from non-exposed area because the former had a high transparency. These results indicated that the film deposited on exposed area had lower optical scattering defects or higher orientation order. Figure  3 shows a optical micrograph of a deposited film using crossed polarizers. The film was fabricated by exposure of 100 shots of KrF laser at 3 mJ cm 2 through a photo-mask having line-and-space patterns of 2.2 µm width. In this sample, the angle of polarization direction between pre-exposure and deposition lasers was 45°, while the angle between each dark angle of the neighboring areas in Fig.3 was 29°. There were shallow wavy structures at the surface of film under the SEM observation (Fig. 4) . The wavelength of this structure was coincide with that of photo-mask patterns. However, the depth was too shallow to produce the birefringence. These surface wavy structure would be induced by the difference of orientation or defects between the neighboring areas.
Changes of values of birefringence ( An ) and larger directions of refractive index of deposited LCP films on both 180 and 240 °C imidized PI layer with laser shot numbers were shown in Fig. 5 . In the figure, the birefringence of the LCP films at non-irradiated (0 shots) were induced by the deposition laser, and the larger directions were 46.5 and 49° on the 180 and 240 °C imidized PI layers measured from the vertical line to the horizontal axis. The vales of these angles could be explained by considering the direction of vibration of deposition laser, the substrate tilt angle and refraction of the deposition laser beam at the film surface. On the other hand, the larger directions at 100 and 1000 shots were between 18 and 20.5°, while the directions of vibration of pre-exposure laser was 90°. According to the orientation mechanisms presented by Hasegawa [3] , PI chains whose direction were around 90° preferentially degraded and the survived PI chain was aligned to 0°. Hence, the LCP on the pre-exposed PI layer should be aligned to 0° without any moment. These results indicating the influence of deposition laser in the pre-exposed area.
The values of birefringence were slightly decreased for 1000 shots samples. Therefore, the total dose energy giving larger molecular orientation were smaller than 2.3 J cm 2. It was also observed that PI with lower imidation showed higher birefringence. Differences of An at nonexposure between the two imidized PI was probably due to the difference of interaction between LCP and PI because the surface tension was smaller for lower imidation surface [5] . Figure 6 shows the polarized FT-IR spectra of pre-exposed area of a deposited film on a 180 °C imidized PI layer on a CaF2 substrate. In the figure, the spectra (a) and (b) were obtained with the directions of polarization of IR were parallel and perpendicular to that of the pre-exposure laser beam. The spectrum (c) is the difference of these spectra ((a)-(b)). The peaks at 2225, 1726, and 160411494 cm 1 were assigned as absorption of nitoryl, carbonyl and biphenyl, respectively. These results suggested that the direction of side-chain was perpendicular to the direction of vibration of pre- exposure laser beam. The dichroic ratio of nitoryl peaks normalized to carbonyl peaks was 1.95 and was larger than that of the previous result (1.45) for 240 °C imidized PI. These results were consistent with those of birefringence.
Conclusions Molecular orientation
of LCP films became high for deposition on lower imidized PI layer. On the other hand, there were no morphological change of PI surfaces by UV laser exposure. Consequently, the photo-degradation of PI was the possible origin of align LCP film.
